Modulation of immune responses by bacterial components has received considerable attention in recent years (1, 2, 4, 5) . Since a number of these substances are produced by members of the normal bacterial flora, they may have considerable impact on host-parasite interactions. Indeed, there are several diseases of microbial etiology, both clinical and experimental, which have been associated with immune suppression or enhancement (reviewed in reference 12) .
A consequence of the immunomodulatory action of bacterial products may be human periodontal disease. Bacteria are essential agents in the etiology of this disease; however, the progress of the lesion has been attributed to altered host responses to bacterial products which may penetrate gingival tissue (10) . Recently, much attention has been given to identifying the bacteria associated with periodontal disease and characterizing host responses to these organisms (reviewed in reference 10); however, little attention has been given to the immunomodulatory potential of these bacteria. Recently, sonicated cells of Actinobacillus actinomycetemcomitans, a gram-negative bacterium implicated in certain forms of periodontal disease, were shown to suppress human lymphocyte activation in vitro (14) . The authors suggested that such immunosuppressive agents may act in vivo by enhancing the pathogenicity of their parent microorganism or that of some other opportunistic pathogen.
In this investigation an extracellular polysaccharide (EP) was purified from culture supernatants of Capnocytophaga ochracea 25, a gramnegative bacterial species found in the human oral cavity and associated with certain forms of periodontal disease (3, 7, 15 Modulation experiments were performed by diluting EP in culture medium (see the figure legends) and adding 0.1 ml of each dilution to triplicate spleen cell cultures at various times before or after the addition of LPS or ConA; however, the elapsed time from addition of mitogen to culture termination remained constant except in the kinetics study, when cultures were terminated at 24-h intervals. A control preparation extracted from the bacterial culture medium was evaluated similarly. Results were compared with controls which contained only LPS or ConA. The effect of EP alone on murine spleen cell activity was evaluated by incubating various concentrations of EP with the cells in the absence of LPS or ConA for 48 h, with a pulse of radiolabeled precursor during the final 4 h. Representative cultures were then evaluated for uptake of labeled precursor, and others were examined for viability by trypan blue dye exclusion.
C. ochracea produced 5.2 g of EP per 100 g of cells (dry weight). EP eluted from Sephadex G-100 as a single peak immediately after the void volume. This fraction produced a single band against rabbit anti-strain 25 serum in agar-gel immunodiffusion. Preliminary analyses revealed this material to be a polysaccharide, with mannose as a major constituent (80%). Protein was present at a concentration of 27 ,ug/mg of EP. Our preparation was free of endotoxin at the concentrations used in this investigation, since 1 mg/ml produced a negative Limulus test. A complete chemical analysis of EP will be forthcoming. The extraction procedure for EP was used on uninoculated culture medium and produced a precipitate, which was used as a control in the lymphocyte stimulation experiments.
EP produced a dose-dependent suppression of murine spleen cell responses to the T lymphocyte mitogen ConA (Fig. 1) . DNA, RNA, and protein syntheses were suppressed to similar degrees, with 80% suppression occurring at 40 ,g of EP per culture. EP also produced significant but less marked suppression of radiolabeled precursor uptake in LPS-stimulated cultures (Fig. 2) . The time at which EP was added to the cell cultures in relation to that of mitogen determined the degree of suppression (Fig. 3) . The most significant suppression of both the LPS and ConA responses was observed when the cells were preincubated with EP for 30 min. EP added to the cultures after LPS had little effect on stimulation; however, suppression of ConA responses remained significant, although diminished, when EP was added afterward. The control preparation extracted from bacterial culture medium produced no significant effects on lymphocyte responses when used at the same concentrations as EP.
EP did not mediate the observed suppression of cell activation by delaying the response. Cultures preincubated with 10 ,ug of EP before LPS or ConA was added and harvested at 24-h intervals revealed a continual increase in suppression up to 120 h (Fig. 4) . Suppression was not caused by toxic effects produced by EP, as cell viability did not significantly differ from controls during the incubation times and at the EP concentrations employed in this investigation. EP nate explanations include EP binding to cell surface glycoproteins, with subsequent inhibition of B cell activation by interferene with essential membrane conformational changes, or changes in viability or in DNA, RNA, and protein syntheses in 24-h cultures ( Table 1) .
The suppression of lymphocyte responses to ConA may have resulted from the interference of EP with the binding of ConA to lymphocyte surfaces. Supportive of such a hypothesis are our observations that the greatest suppression occurred when the cells were preincubated with EP before the addition of ConA, that the suppression persisted, and that EP alone produced no significant effects on cell viability or on DNA, RNA, or protein synthesis. Binding inhibition by EP is further supported by the significant levels of mannose found in our preparation, since a-D-mannose is known to inhibit ConA binding and mitogenicity (13) .
The EP-mediated suppression of mitogenic responses to LPS was probably not the result of direct inhibition of LPS binding to cell surfaces. LPS interactions with lymphocytes involve a nonspecific lipid A-membrane lipid binding, which can be inhibited with phospholipid (6) , as opposed to ConA binding to cell surface glycoproteins, which is inhibitable by a-D-mannose (13) . Thus, it would be unlikely that EP could interfere with LPS-lymphocyte binding. Alter- EP inhibition of responses to LPS by interference with the generation of regulatory T cells (8, 9 ).
An alternate site of action for the immunomodulatory effects of EP may be the macrophage. EP may interfere with production of immunoregulatory substances (reviewed in reference 18) and, in the ConA experiments, with presentation of the mitogen to T lymphocytes (11) . The results presented here are inconclusive with regard to cellular adherence and the site of action of EP. Cell separation and EP adherence experiments are in progress and should clarify the mechanism of action.
It may be hypothesized that EP-mediated immunosuppression is an experimental artifact resulting from alteration of the natural biological properties of EP by the trichloroacetic acid treatment. Our preliminary studies would refute such an argument, since we initially used crude ethanol precipitates of spent culture fluid and found them to be immunosuppressive (unreported data). In addition, we have found that further purification of EP enhances its immunosuppressive properties as well as its reactivity in agargel immunodiffusion. The validity of our observations is further supported by the failure of extracts from uninoculated culture fluid to produce immunosuppression.
Components of the Capnocytophaga species found in the oral cavity may elicit a complex series of immunological events, some of which may contribute to periodontal disease. The presence of LPS (17) , an immunostimulatory agent (5), and immunosuppressive EP in the same species poses a considerable challenge in dissecting the influence this organism may have on the immune system. Our preliminary studies indicate that EP can also suppress human lymphocyte responses, thus lending credibility to the hypothesis that Capnocytophaga species may contribute to periodontal pathology by causing altered immune reactions to substances entering the gingival tissue.
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